Abstract

23
Oscillatory pumping test (OPT) is an alternative to constant-head and constant-rate pumping 24 tests for determining aquifer hydraulic parameters without water extraction. There is a large 25 number of analytical models presented for the analyses of OPT. The combined effects of 26 wellbore storage and initial condition regarding the hydraulic head prior to OPT are commonly 27 neglected in the existing models. This study aims to develop a new model for describing the 28 
Introduction
45
Numerous attempts have been made by researchers to the study of oscillatory pumping test 46 (OPT) that is an alternative to constant-rate and constant-head pumping tests for determining condition of static water table, an  93 inner boundary condition specified at the rim of the pumping well for incorporating wellbore 94 storage effect, and a first-order free surface equation describing the movement of aquifer water 95 Neuman (1972) as 124
where is the specific yield. The impervious aquifer bottom is under the no-flow condition: 126
The hydraulic head far away from the well remains constant and is expressed as 128 The finite integral transform proposed by Latinopoulos (1985 specified at ̅ = 0 (i.e., Eq. (17)) and third-type condition specified at ̅ = 1 (i.e., Eq. (16)). 171
Solve Eq. (20) with (21a) and (21b), and we obtain: 172 
The detailed derivation of Eqs. The method to determine is given in section 2.6. Solving Eq. (32) with (33) and (34) 241 results in 242 
and 273
which are independent of dimensionless elevation ̅ , indicating horizontal confined flow. 275
Based on Eqs. (41), (42a) and (42b), the pseudo-steady state solution for confined aquifers can 276 be expressed as: 277 ̅ and can therefore be approximated as 320
Hydrol OPT models especially when observed hydrulic head data are taken close to the pumping well. 365
Sensitivity analysis 366
The normalized sensitivity coefficient defined as Eq. (44) 
